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Abstract 
 
A wide variety of modern chess software products is available to the modern professional and amateur chess 
players alike, helping them improve their chess skills and prepare for online and traditional tournaments. These 
products include chess user interfaces (UIs), traditional Alpha-Beta (AB) and emergent Neural Network (NN) 
chess engines, game databases, opening databases and electronic books, chess-specific cloud services, tourna-
ment broadcast tools, online tutorials, tactical problem collections, and endgame tablebases (EGTBs). All of 
these tools except the last two categories can be used to work on opening preparation, an important component 
of chess training. In this paper, the author presents his computer-based approach to opening preparation tested 
in chess classes at the Russian School of Indiana for advanced beginner players. The materials used to develop 
the approach included game openings from the games played in the Free Open-Source Chess Engine Contest 
(FOSCEC) broadcast online by the author’s CIT students at Purdue Polytechnic Columbus. We will discuss the 
choices of tools and equipment, how the more popular and/or promising opening variations were identified and 
analyzed, the lessons learned, and the future work.  
 
INTRODUCTION 
 
Chess is a classical turn-based strategy game played on an 8x8 physical or virtual board with white and black 
pieces (pawns, knights, bishops, rooks, queens, and kings). The game enjoys broad popularity worldwide, as its 
rules are pretty easy to learn, the design is well-balanced, and the gameplay can be a lot of fun. However, the 
task of mastering the deeper intricacies of chess presents a formidable challenge. Many software applications 
have been developed to implement chess as a video game on numerous electronic platforms and help millions 
of novices, seasoned amateurs, and chess professionals improve and maintain their skills. These applications 
include the following. 
 

1. Chess engines capable of analyzing the game’s positions and playing the game. They utilize variations 
of the traditional Alpha-Beta (AB) minimax algorithm, emergent techniques based on Neural Networks 
(NN), and, most recently (since 2020), extremely successful hybrids thereof, such as Stockfish 12+ with 
NNUE (Efficiently Updatable Neural Network) for position evaluation (Stockfish, 2021). 

2. Game databases, such as Mega Database (2020) of human over-the-board (OTB) games, Tim Harding’s 
UltraCorr 2021 database of correspondence games (UtraCorr, 2021), and CCRL’s database of games 
played by computer chess engines (CCRL, 2021). 

3. Chess user interfaces (UIs) that facilitate communication between the user and the engine(s) and/or da-
tabases. They include both commercial products, such as ChessBase 16 (2021), and free solutions, such 
as Arena (2021) or Shane's Chess Information Database (SCID, 2021). 
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4. Chess tournament broadcast tools, such as Norman Schmidt’s CCCC (2018). 

5. Opening databases and electronic books for chess engines to use early in the game and for human play-
ers to explore and learn chess openings. They include the Cerebellum opening book for Brainfish by 
Thomas Zipproth (Cerebellum, 2021) and Fauzi Dabat’s opening book (Fauzi, 2021). 

6. Chess-specific cloud services, such as the ChessBase Engine Cloud (2021). 

7. Tactical problem/puzzle collections, such as those available at chess.com (2021) and lichess.org (2021). 

8. Endgame tablebases (EGTBs), such as Ronald de Man’s Syzygy (2021) and the pioneering 7-piece Lo-
monosov tablebases (2012) calculated at the Computer Science Department of Moscow State Universi-
ty. 

A chess game is traditionally divided into three stages: opening, where a lot of attention is paid to piece devel-
opment and control over the center of the board; the middlegame, with its tactics and strategies of attack and 
defense; and the endgame, where few pieces are left on the board, so the kings become active and pawn promo-
tion gains utmost importance. All of the software tools listed above except the last two categories can be used to 
work on opening preparation, an important component of chess training. 
 
In this paper, the author, an International Chess Federation (FIDE) National Instructor, presents his computer-
based approach to opening preparation tested in chess classes taught online at the Russian School of Indiana 
(2021). The materials used to develop the approach include openings from the computer chess games played in 
the Free Open-Source Chess Engine Contest (FOSCEC, 2014) broadcast online by the author’s CIT undergrad-
uate students at Purdue Polytechnic Columbus as part of the chess-related projects described in detail in the au-
thor’s previous work (Gusev, 2018). 

 
In the next sections of the paper, we will discuss the choices of tools and equipment, how the more popular 
and/or promising opening variations were identified, ordered, illustrated, and analyzed. We will then present our 
conclusions and discuss plans for the future work. 
 
TOOLS AND EQUIPMENT 
 
Even though many modern chess engines have been ported to other platforms, such as Linux and Android (Ab-
shire and Gusev, 2015), the author used Windows laptops, desktop workstations, and servers for this project to 
take advantage of the convenient chess GUI tools — ChessBase 13, Deep Fritz 14 (2014), and Arena 3.5.1. The 
author enhanced the truly massive Computer Chess Rating Lists (CCRL) database of 3,172,504 games played in 
2005-2019 by adding 215,485 engine games from numerous other sources, including 4 seasons of FOSCEC, 44 
themed opening tournaments ran by the author in 2012-2019, the first 15 seasons of the Top Chess Engine 
Championship (TCEC) (2021), the Chess Engines Grand Tournament (CEGT) archive, 8 Computer Chess 
Championship (CCC) events (CCC, 2019), the FastGM (2021) archive, World Computer Chess Championship 
(WCCC) and World Chess Solving Championship (WCSC) events held by the International Computer Games 
Association (ICGA) (2021), the AlphaZero vs. Stockfish 8 match, Frank Quisinsky’s FEOBOS project (2018), 
etc. This tool dubbed CCRL+ was then used, along with Mega Database 2019 (7,519,541 Over the Board 
(OTB) games)) and the engine evaluations from the ChessBase Cloud, combined with the local Cfish evalua-
tions (Cfish, 2017) to identify the more popular and/or promising variations to bring to the attention of the au-
thor’s advanced beginner chess students. This part of the work was completed using ChessBase 13. 
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For the purpose of illustration, the popular variations were extended using Brainfish version from February 8, 
2019 configured to use its Cerebellum opening book under Arena 3.5.1. The details of the process will be ex-
plained in the subsequent sections. 
 
The rationale for tool and equipment selection, besides the obvious availability considerations, involved the re-
alization that the current situation is opposite to what the author experienced back in the 1980s, when it was 
hard to find comprehensive information on chess openings. We have too much data! No person can view, much 
less analyze, millions of games. Some of the modern Big Data is of much better quality than what was available 
in the old days, while some other information is just as unreliable as it used to be. We have selected tools and 
equipment suitable for quick massive statistical processing of the chess game data. 
 
IDENTIFICATION OF POPULAR VARIATIONS 
 
The two big categories of what the students of chess should learn are what to do and what not to do in the open-
ings. We will concentrate on the former aspect, leaving the latter to the authors of books on opening traps and 
catastrophes, such as (Wall, 2010). That other kind of books has great entertainment value, but should not be 
substituted for serious opening research of more practical value. 
 
Initially, we aimed at selecting 1,023 popular and/or promising variations, this “magic number” being the limit 
of how many games Arena 3.5.1 can play in one match. Our rule of thumb was, therefore, to stop splitting Mega 
Database 2019 variations once they were down to approximately 7,519,541:1,023 = 7,350 games per variation. 
We took into consideration the percentages of points won by the white and provided by ChessBase, along with 
the cloud and local engine evals. The Principal Variation (PV) is a sequence of moves that an engine considers 
best and therefore expects to be played. The number of PVs to be analyzed locally in a given position remained 
set at 5 most of the time, so as to explore at most 5 possibilities at a time. 

 
As expected, the variations would not split evenly on popularity. Furthermore, even as we kept track of how 
many variations we expected to pick starting from each position, we kept encountering “promising” continua-
tions, which, while not being popular, showed good percentages and good computer evals. Once we were down 
to four variations to pick starting from a given position, we were able to complete selection directly, with a little 
bit of effort. 
 
One major nuisance that made our recursive process more complex was that, from time to time, we would 
stumble upon a popular transposition of moves leading to the same position that we had encountered or were 
about to encounter elsewhere in the search tree. (Not all move transpositions are legal, and not every legal 
transposition of moves is safe.) We kept track of such popular transpositions and added their contributions to 
the corresponding positions to allow more branching to happen afterwards, according to the total combined 
popularity of the position. 
 
With those practical considerations in place, the manual selection process produced a set of 1,442 popular 
and/or promising variations and 167 popular transpositions. Given that the first move 1. e4 occurs in 50.9% 
(~1/2) of the OTB games, and the move second to that in popularity, 1. d4, happens in 31.9% (~1/3) of the 
games, the variations were divided nearly uniformly into six volumes: 
 

Volume 1.  Sicilian Defense (1. e4 c5) — 304 variations (21.1% of all selected variations) to cover 
20.4 % of all OTB games in Mega Database 2019. 
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Volume 2.  Open Game (1. e4 e5) — 219 variations (15.2% of variations) to cover 12.4% of the 
games. 

Volume 3.  Non-Sicilian Semi-Open Games: 1. e4 e6 (French Defense), 1. e4 c6 (Caro-Kann De-
fense), 1. e4 d6 (Pirc Defense), 1. e4 d5 (Scandinavian Defense), 1. e4 g6 (Modern Defense), 1. 
e4 Nf6 (Alekhine Defense), 1. e4 Nc6 (Nimzowitsch Defense), 1. e4 b6 (Owen Defense), and 1. 
e4 a6 (St. George Defense) — 254 variations (17.6% of variations) to cover 18.0% of the 
games. 

Volume 4.  Indian Defense (1. d4 Nf6) — 249 variations (17.3% of variations) to cover 17.0% of the 
games. 

Volume 5.  Non-Indian responses to Queen’s Pawn Game (1. d4 followed by moves other than 1… 
Nf6) — 238 variations (16.5% of variations) to cover 14.8% of the games. 

Volume 6.  Openings that do not begin with 1. e4 or 1. d4: 1. Nf3 (Reti Opening), 1. c4 (English 
Opening), 1. f4 (Bird Opening), 1. g3 (Benko Opening), etc. — 178 variations (12.3% of varia-
tions) to cover 17.2% of the games. (~0.2% of the games “fell through the cracks”, due to their 
very unusual openings. This number will grow considerably, once we take into consideration 
unusual continuations ignored later in the tree search.) 

 
ORDERING THE POPULAR VARIATIONS 
 
Many traditional books on chess openings, including the famous Encyclopedia of Chess Openings (ECO, 2000-
2008), begin their discourse with rare variations to proceed gradually to the more common ones. Even as we 
stored the ECO codes assigned automatically by ChessBase and Arena, we have opted for the lexicographic or-
dering based on our hex line codes that capture priorities of the variations according to their Mega Database 
popularity, with some exceptions made for promising variations. Figure 1 shows a fragment of an Excel work-
sheet illustrating our greedy Bottom Line Up Front (BLUF) approach, where the “bottom line” is the first line, 
in the conventional chess terminology. 
  
For example, Line 300 (not seen in the figure) has the hex line code of 11C, where the hexadecimal digit C cor-
responds to the decimal number 12. The corresponding variation is 1. e4 c5 2. b4 (B20 Sicilian: Wing Gambit). 
Indeed, 1… c5 is the most popular response to 1. e4, and 2. b4 is the 12th most popular reply to that, after 2. Nf3 
(1), 2. Nc3 (2), 2. c3 (3), 2. d4 (4), 2. f4 (5), 2. d3 (6), 2. c4 (7), 2. b3 (8), 2. Bc4 (9), 2. Ne2 (A), 2. g3 (B), and 
before 2. a3 (D). Even though we do not envision the need to consider more than 15 continuations in a practical 
opening position, we could use subsequent letters of the English alphabet after F (the largest hexadecimal digit 
corresponding to the decimal 15) if we needed to — G for the hypothetical 16th choice, H for the 17th choice, 
and so on, thus trivially extending our approach. 

 
Notice that Line 1 in Figure 1 corresponds to the ECO code of B98 (Sicilian: Najdorf, 7.f4 Be7), which means 
that the information on this line would be found near the end of the second volume (Volume B) of the Encyclo-
pedia of Chess Openings. This line was played in 12,360 Mega Database 2020 OTB games (0.154%), 8,580 Ul-
traCorr 2021 correspondence games (0.379%), and 3,196 CCRL+ engine games (0.094%). 
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Figure 1. Lexicographic ordering of the selected popular variations by hex line codes. 
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For comparison, Line 300 (Wing Gambit) has occurred in 5,306 Mega Database 2020 games (0.082%), 1,528 
UltraCorr games (0.068%), and 1,268 CCRL+ games (0.037%). Notice that the end positions of Line 1 and Line 
300 are not at the same tree depth relative to the classical starting position. The term ply in chess denotes half of 
a move. Line 1 goes 14 plies deep, while Line 300 is only 3 plies deep. Arena screenshots of the end positions 
of these two selected popular variations are shown in Figure 2. 

 

 
Figure 2. End positions of 2 selected popular variations — Line 1 (top) and Line 300 (bottom). 

 
Our job is not done here, because we haven’t given our chess students an idea how the events may unfold in 
each of the selected popular and/or promising variations. Clearly, no advanced beginner is going to study thou-
sands (or hundreds) of games per variation, and neither should they attempt it. Our approach to extending the 
selected popular variations using Brainfish with Cerebellum will be explained in the next section of the paper. 
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ILLUSTRATING THE POPULAR VARIATIONS 
 
We ran Arena 3.5.1 matches of Brainfish version from February 8, 2019, configured with its Cerebellum open-
ing book playing blitz games of chess against itself to extract the first lines for the previously selected 1,442 
popular and/or promising variations and 167 popular transpositions. Brainfish was configured to always play 
the best move from its opening book until it ran out of the book moves. The way Arena records the games has 
allowed us to distinguish Cerebellum’s first line continuation of the selected popular variation from how the 
middlegame and endgame stages subsequently played out under the short time control of 3 minutes per game 
plus 2 seconds of time increment per move (3' +2" in the conventional chess notation). 

 
Figure 3 shows a position after Move 18 and chess notation for Game 111 of Volume 1 of the resulting First 
Lines collection. The game illustrates Line 111 of the selected popular variations set, our hex line code 
1112111111111111111111, ECO code B33, Sicilian: Pelikan, Chelyabinsk, 9. Nd5 Be7, 11. c3 O-O. 

 

 
Figure 3. Screenshot of Game 111 of the First Lines collection viewed in ChessBase 13. 

 
You can observe that Brainfish has extended the 11-move (22-ply) popular variation with its 13-ply Cerebellum 
first line. After that, you see a series of blitz game moves, starting with the 18th move of the black, 18… Qd7, 
complete with its computer evaluation of -0.14 at a modest depth of 26 plies and the expected PV. The game 
result was a draw, owing both to the nearly even evaluation of the end position of the popular variation (0.26 at 
Depth 49 by Stockfish 13) and to the exactly even strength of the computer opponents (Brainfish playing 
against itself). Interestingly enough, not a single game from Mega Database 2020, UltraCorr 2021, or CCRL+ 
has reached the position after Move 18. 17. a3 appears to be a novelty. 

 
We decided to look at the win/draw/loss statistics of the 1,442 main games of the First Lines collection grouped 
into six Volumes. The stats by Volume are illustrated in Figure 4. 
 


